Aims Moderate-to-severe chronic renal failure is an established risk factor for cardiovascular disease and mortality. However, most studies have been performed in selected populations and the impact of very small decrements of renal function on long-term cardiac morbidity and mortality has not yet been established. Also, the cut-off level of glomerular filtration rate (GFR) from which cardiovascular risk increases has not exactly been established. This study wants to address these questions. Methods and results Ten year follow-up of a representative population-based cohort comprised 8913 randomly selected, apparently healthy participants. Participants were randomly drawn from Belgian voting lists. Cardiovascular risk factors were noted. Serum creatinine values were corrected to isotope dilution mass spectrometry standard, and GFR was calculated using the recently modified 'modification of diet in renal disease' equation. Participants were followed for 10 years, and cause-specific death was registered by analysis of death certificates. The probability to die from all causes or from cardiovascular causes during the 10 year follow-up period increased in each quartile of GFR, even after correction for different other comorbid conditions. Conclusion Even mild renal failure is an independent risk factor for cardiovascular mortality within 10 years in an apparently healthy unselected population. This detrimental effect starts already at a relatively high GFR of 90 mL/min/1.73 m 2 and remains present after correction for other established cardiovascular risk factors.
Introduction
Chronic kidney disease (CKD) is related with cardiovascular risk. 1, 2 The exact glomerular filtration rate (GFR) below which this risk starts to increase is however not yet established, since most, if not all, studies dealing with this issue compare only a few broad strata of kidney dysfunction (e.g. GFR . 60, vs. between 60 and 30, vs. ,30 mL/min/ 1.73 m 2 ), 2 although most of them concentrate on the more severe degrees of kidney dysfunction. In addition, most studies have been performed in selected patient groups, [3] [4] [5] or have only a short-term follow up. 2 Most of these studies 6, 7 rely upon serum creatinine to determine GFR, which is also a potential source of bias, especially in the near-normal range. 8 Meanwhile, several authors [9] [10] [11] have demonstrated that the new modification of diet in renal disease (MDRD) formula as defined by Levey et al., 10 using isotope dilution mass spectrometry (IDMS)-calibrated creatinine values, is more accurate, especially in the nearnormal range, and can thus be used in large studies of an apparently healthy population.
The correct understanding of the relationship between mild renal impairment and cardiovascular disease (CVD) is vital to guide preventive strategies for screening and treatment. Such preventive strategies may have a substantial impact on the health care budget because some efficient treatments offer possibilities to tackle the negative evolution related to these problems. 12 In this study, the impact of even mild stages of CKD on CVD in a large, apparently healthy and unselected population was explored. More specifically, we wanted to determine the level of GFR below which cardiovascular risk starts to increase.
Patients and methods
The Belgian Interuniversity Research on Nutrition and Health population sample was composed at random from voting lists in Belgium 13 during the period 1980-84.
Initially, a random sample of 30 000 persons was established. Participation rate was 36%. A 10% random sample of nonparticipants was asked to complete a questionnaire related to cardiovascular lifestyle aspects. From the answers to this survey, it was concluded that no differences between participants and nonparticipants were present.
Lifestyle parameters and medical history were collected by experienced technicians, using pre-defined standardized questionnaires.
Data presented in this paper are from the 8913 patients who were free from prevalent coronary heart disease, defined as being free from angina pectoris, having no history of myocardial infarction according to the Rose questionnaire 14 and having no evidence of an old myocardial infarction on their resting ECG. Patients with preexisting cardiac disease were excluded from further analysis, as we wanted to estimate the risk for de novo cardiac disease.
Diabetes was defined as the patient-reported need for insulin or oral anti-diabetics or the application of specific dietary measures because of insulin resistance. Also, these patients were excluded from further analysis, as we wanted to analyse an apparently healthy population.
Blood pressure was measured by experienced technicians after 5 min of rest in a sitting position. Mean arterial pressure (MAP) was defined as the sum of the systolic and two times the diastolic blood pressure, divided by 3, and expressed in mmHg. Body mass index (BMI) was defined as the weight of the patient (kilograms) divided by the square of height (metres).
Blood was sampled from the antecubital vein. Serum was separated by centrifugation and stored at 2808C. All analyses were performed by a single centralized laboratory.
Serum creatinine (Screa) was measured according to the Jaffé methodology, using the SMAC Technicon technology. In line with the new recommendations, 15 these creatinine values were calibrated to IDMS standard 16 Serum cholesterol was measured using the SMAC Technicon analyser according to the methodology of Abell et al.
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The few subjects with an estimated GFR , 20 mL/min were considered as a pre-dialysis population and were not considered for further analysis.
The global sample was followed for cause-specific mortality for at least 10 years or until death. Follow-up was complete in 99% of the sample. Vital status was checked through local community registers and causes of death were ascertained from the family doctor and/or the physician who completed the death certificate. Where appropriate, more information on the exact cause of death was collected from hospital or medical records. According to the ninth revision of the International Classification of Disease, 19 we considered all codes ranging from 390 to 459 as cause of death from CVD.
Statistical methods
Comparisons between two groups were performed using the Mann-Whitney U test for continuous variables and using Fisher's exact test for categorical variables.
Statistical analysis of the association between GFR and subsequent mortality was performed by fitting Cox proportional hazards models 20 with additional covariates of age (in years), gender, BMI (kg/m 2 ), current smoking (yes/no), mean arterial blood pressure (mmHg), total cholesterol (mmol/L), and serum uric acid level (mmol/L). The statistical significance of a variable in the model was determined according to the Wald x 2 statistic, and the strength of the association is given by the adjusted hazard ratios (HR), which are given with their 95% confidence intervals (CI). In order to test whether the prognostic value of GFR was similar for men and women, a formal interaction test was performed between GFR and sex. The significance of the interaction was evaluated by comparing the log likelihood functions of the fitted models with and without the multiplicative effect. Under the null hypothesis of no interaction, minus double this difference, follows a x 2 distribution with 1 degree of freedom. All models were checked on the assumption of proportionality of hazards. The global level for significance was taken as a , 0.05 and all analyses were performed using SAS software (SAS for Windows, release 6.11, SAS Institute Inc., Cary, NC, USA).
Results
In total, after exclusion of diabetics and participants with pre-existing CVD, 4708 males and 4205 females were included in the study. Results for the demographic and laboratory data are given in Table 1 .
After 10 years, 559 men and 224 women had died. Of these, deaths of 166 men and 73 women were classified as CVD deaths.
Individuals who died during follow-up were older (63+9 vs. 47 + 13 years, P , 0.0001), had a higher MAP (103.7 + 14.7 vs. 98.1 + 13.1 mmHg, P , 0.001), serum cholesterol level of 6.28 + 1.27 vs. 6.02 + 1.19 mmol/L, P , 0.001, and a lower GFR (66 + 13 vs. 71.9 + 13.4, P , 0.0001). Death was more likely in smokers (12.0 vs. 7.4%, P , 0.0001).
Individuals who died from a cardiovascular cause were older (64.7 + 8.7 vs. 47.8 + 12.9, P , 0.0001) and had a lower GFR (63.6 + 12.5 vs. 71.9 + 13.4 mL/min/1.73 m 2 , P , 0.0001).
Distribution of GFR in males and females is given in Table 2 and Figure 1 . According to the stages proposed by K/DOQI, 21 50.0 and 7.4% of participants had a GFR , 90 (CKD stage 2) and 60 mL/min/1.73 m 2 (CKD stage 3), respectively. HR for cardiovascular mortality in the different quartiles of GFR are given in Table 3 and Figure 2 . Results are given as the In a multivariable Cox model including an interaction term between gender and GFR, the effect of GFR on CVD mortality proved to be homogeneous in men and women (interaction test: x 2 ¼ 0.16, P ¼ 0.69). The results for cardiovascular mortality risk for GFR, expressed as a continuous variable, are given in Table 4 . After correction for the different confounders, the cardiovascular risk decreased by 8% (RR 0.92, CI 0.85-0.99) per 10 mL/min/1.73 m 2 .
Discussion Main findings of this study
This publication is the first report on the impact of mild chronic renal impairment on cardiovascular morbidity and mortality in a large random sample of an apparently healthy general population, with a 10 year follow-up of outcome and with possibility to correct for traditional cardiovascular risk factors. It appears that mild CKD is a frequent condition in the general population. Most important, however, is the finding that the impact of CKD on the cardiovascular mortality risk starts already at near-normal levels of GFR (,90 mL/min/1.73 m 2 ). This observation of the impact on cardiovascular mortality of the non-traditional risk factor 'chronic renal impairment' can be important for the further exploration of underlying mechanisms and the treatment of CVD in patients with impaired kidney function, as it relates retention of uremic waste products with CVD. 22 
Clinical impact of the results of this study
Both the NKF K-DOQI (National Kidney Foundation Dialysis Outcome Quality Initiative) 21 and the KDIGO (Kidney Disease: Improving Global Outcomes) 23 accept a GFR of 60 mL/min/1.73 m 2 as a cut-off to accept an increased risk for secondary complications of CKD. On the basis of the analysis of data compiled from 24 reported studies, Vanholder et al.
1 predicted a cut-off of GFR of 75 mL/min/ 1.73 m 2 for an increased cardiovascular risk. This meta-analysis was based on piecewise linear regression analysis of relative risks for CVD in 24 studies, including also studies with selected populations or studies applying the Cockcroft and Gault formula or uncorrected serum creatinines for estimation of glomerular filtration. Despite these drawbacks, the predicted cut-off of 75 mL/min/1.73 m 2 in that study corresponds quite well with the results of the present analysis, from which it appears that cardiovascular risk starts to increase even at higher levels of GFR, i.e. at 90 mL/min/1.73 m 2 . It therefore seems advisable to advocate an enhanced vigilance for secondary cardiovascular complications in all patients in CKD class 2 or higher and to accept a GFR , 90 mL/min/1.73 m 2 as a new cardiovascular risk factor.
Our data imply that, if cost-effective, measures to prevent further progression of renal and CVD should start already very early in CKD patients and that active screening for mild renal impairment in the global population might be warranted, 15 especially when also other risk factors for CVD are present.
Comparison with the existing literature
To the best of our knowledge, there are no large-scale studies evaluating a potential cut-off of GFR as a risk factor for long-term cardiovascular risk in a large, unselected population, using proper estimates of GFR. The Hoorn study is a prospective population study with a 10 year follow-up, with a study sample of 631. In contrast with our study, the Hoorn study included also patients with pre-existing CVD and diabetes, and they used a selected population between 50 and 75 years of age. This probably explains the higher cardiovascular death rate (n ¼ 50 out of 631 vs. 239 out of 8913 in our study) and the higher HR for cardiovascular mortality ( Previous studies concentrating on the problem of glomerular filtration and CVD evaluated selected patient populations, [3] [4] [5] 24, 25 and/or only evaluated more severe renal dysfunction (GFR , 60 mL/min/1.73 m 2 ), 2, 26 or introduced serum creatinine only as a continuous variable, 25 so that the upper threshold from which decreased GFR started to be negatively related to cardiovascular risk could not be evaluated. Go et al. 2 found a dose-dependent relation between cardiovascular risk and GFR in a population of a large, integrated system of health care insurance (Kaiser Permanente), but they only evaluated cohorts with a GFR , 60 mL/min/1.73 m 2 , with those having a GFR higher than 60 mL/min/1.73 m 2 as a reference. In addition, their mean follow-up was only 2.8 years, whereas our study allowed a 10 year follow-up. Shlipak et al. 27 analysed cardiovascular mortality in elderly patients with an estimated GFR . 60 mL/min/1.73 m 2 , using Cystatin C levels to quantify glomerular filtration. They found a four-fold increase in cardiovascular risk in patients with increased Cystatin C levels.
Our study evaluated an unselected cohort, representative of the adult population in Belgium, with a follow-up of 10 years. We measured serum creatinine with the Jaffé technique using the SMAC-Technicon technology, which allowed us to recalibrate our serum creatinines to the IDMS standard, using the calibration formula as proposed by Hallan et al. 28 It has been shown that using this methodology allows making accurate estimations of GFR even in the near-normal range. 9 We compared subgroups on the basis of quartiles of GFR, which allowed us to indicate a more precise cut-off point of GFR level beneath which the cardiovascular risk started to increase. Using this methodology, it became apparent that even near-normal levels of GFR (,90 mL/min/1.73 m 2 ) were associated with an increased risk of cardiovascular death.
There is an increased risk for cardiovascular mortality in males compared with females. 29 There is also some evidence for a higher prevalence of end stage renal disease (ESRD) in males. 30, 31 It is thus tempting to hypothesize that the cardiovascular risk of GFR is different in males and females. However, the interaction term for gender and GFR and cardiovascular death was not significant, pointing that the effect of GFR on cardiovascular mortality is not different in males and females.
Potential drawbacks of this study
A potential drawback of this study is that no data on proteinuria are available. It is well established that proteinuria as such is related to CVD. 32 However, proteinuria is considered to be a marker of endothelial dysfunction and colliding causes of cardiovascular and renal disease, 33 whereas GFR can rather be seen as a marker of filtration, and thus of retention of toxic waste products. The relationship between CVD and renal failure is potentially a reciprocal one, whereby evolving vascular damage, e.g. endothelial dysfunction, 34 might lead to chronic renal impairment, and, vice versa, accumulation of toxic retention solutes by renal failure might lead to enhanced vascular damage. [35] [36] [37] [38] Our data are compatible with the hypothesis that renal dysfunction adds to the cardiovascular risk by accumulation of uremic substances, as frequency of CVD increases with declining renal function. Further exploration of this hypothesis is certainly warranted.
We have no data on incidence of cardiovascular morbidity, as we only have data on cardiovascular death. Most likely, the relation between cardiovascular morbidity and GFR is even stronger, as shown in other studies, 35 since cardiovascular mortality only reveals the most serious cases of CVD.
Conclusion
This study underscores the high prevalence of mild chronic renal failure in the general population. Even mild impairment of renal function (GFR , 90 mL/min/1.73 m 2 ) is a cardiovascular risk factor when correction is made for other traditional cardiovascular risk factors. Screening for mild renal impairment can thus be of importance to decrease the burden of CVD. 
